1. Introduction {#sec1}
===============

Multiple sclerosis is a chronic autoimmune disease associated with myelin degeneration and inflammation in central nervous system (CNS). The mechanisms of tissue injury are currently poorly understood, but recent data suggest that mitochondrial injury may play an important role in this process. Demyelinating diseases of the CNS are a heterogeneous group of chronic inflammatory disorders resulting in lesions along axons of nerve fibers in the brain, brain stem, spinal cord, and optic nerves which is loss of myelin sheath and nerve conduction deficits leading to motor and/or sensory dysfunction and are the leading cause of non traumatic neurological disability in young adults. Immunologists view multiple sclerosis as an autoimmune disease, in which T-lymphocytes specific for myelin antigens start an inflammatory reaction in the CNS, which finally leads to demyelination and ultimately axonal damages. Women are affected approximately twice as often as males who are more likely diagnosed later in life and have a progressive course of disease. MS affects various physical, mental, cognitive and ... aspects in human \[[@bib1], [@bib2], [@bib3], [@bib4]\].

Unlike many other disorders that oxidative stress plays a secondary role in the occurrence and development of disease, experimental autoimmune encephalomyelitis (EAE) or multiple sclerosis develops directly synchronic with the appearance of oxidative and nitrotic injuries [@bib5]. It has been revealed that oxidative stress markers are significantly higher in MS patients than healthy subjects [@bib6]. It has also shown that reduction in the activity of the antioxidant enzymes such as superoxide dismutase (SOD), glutathione peroxidase (GPx), catalase, and glutathione, and also elevation in lipid proxidation products such as malondialdehyde (MDA) present in MS cases comparison with healthy subjects [@bib7].

There are many methods have applied to treat, recover, modify or attenuate MS symptoms in these cases. Chemical drugs and natural agents are widely used to reduce oxidative stress and cognitive deficits in MS patients. One of the main natural agents which were widely studied to prove its anti-oxidant role in CNS impairments is Saffron [@bib3].

Saffron was widely used in traditional medicine as an herbal medicine and was used as an analgesic, anti-depressant, antispasmodic, respiratory congestion enhancer, libido enhancer, sweating enhancer, treatment for menstrual disorders, sedation and tranquilization [@bib4]. The four major bioactive compounds in saffron include Crocin, Croctein, Picocrocin and Safranal, which contribute to its medicinal and antioxidant properties [@bib8]. Frequent studies have shown that crocin and croscetin as active ingredients of saffron are able to effect a variety of drug protections, such as protection against cardiovascular disease, inhibition of cancer cell proliferation, gastrointestinal protection, neural protection, liver cells and effects Anti-inflammatory and analgesic agents that are attributed to the antioxidant capacity of this compound \[[@bib8], [@bib9], [@bib10]\].

Mohajeri et al showed that alcoholic extract of saffron and significantly decreased lipid peroxidation and increased antioxidant levels in dose-dependent manner \[[@bib11], [@bib12]\].

Zheng et al investigated the effect of crocin on oxidative and nitrate injuries due to reperfusion of cerebral microscopic vessels after general cerebral ischemia and showed that crocin inhibited the oxidative reaction and adjusted the structure of CMEC and phosphorylation of ERK1/2 and MMP-9 expression decreases in microscopic arteries [@bib13].

Due to the lake of clear way to treatment this disorder, and regarding to positive effects of crocin on oxidative markers in MS, more and more studies are need to help or treat those whom suffer from MS. So, we investigated the effects of crocin on the level of anti-oxidants enzymes, lipid production, learning and memory deficits in animal model of demyelination with this hypothesis that crocin can improve the oxidative mechanism and impaired cognition behaviors in this case.

2. Material and methods {#sec2}
=======================

2.1. Animals {#sec2.1}
------------

Female 4--6-month-old Wistar rats with a body weight of 250 ± 50 g were maintained on a 12 h light/12 h dark cycle, at a temperature of 25 °C, with free access to food and water were used to study. All procedures for this research were approved by AJUMS ethical committee (IR.AJUMS.REC.1395.110), in accordance with the internationally accepted principles for the care and use of laboratory animals.

2.2. Methods {#sec2.2}
------------

In order to induce animal model of demyelination, direct injection of ethidium bromide into the cisterna point of the brain was applied. The animals were kept free accessing to the water and food in standard cages comply with standard laboratory conditions such as temperature, humidity, light cycle and easy access to food and water one week before starting experiments. In the current model of demyelination, the chemical ethidium bromide was used which is created by direct injection into the nervous system. Different methods are used to create the MS model with ethidium bromide. In single-stage models, higher doses of EB are used with a higher concentration of solution. In the present study, injections of 10 μl of EB 0.1% into the Cisterna magna was used to induce demyelination \[[@bib14], [@bib15]\]. For this method, at first, animals are initially anesthetized with ketamine (90 mg/kg) and xylazine (10 mg/kg) then placed in a stereotaxic device. The body temperature was maintained at about 35.5--39.8. Then, by creating a longitudinal gap in the posterior part of the head, the skulla surface appears with two points referring to Brigma and Lambda. After specifying Cisterna pontis, the spot was marked and cautiously with the help of a dental drill, a hole was drilled into the animal\'s skull to inject EB without any damage to the brain tissue. After creating a hole in the animal\'s skull, a 10 μl of ethidium bromide 0.1% was injected slowly into the Cisterna pontis using a Hamilton syringe. To use ethidium bromide in this method, it was diluted 10 mg/ml in phosphate saline buffer (PBS) [@bib15]. After the solution is injected, the gum is sutured and the animal is transported to the separate cages. To evaluate the effects of EB and evaluation of demyelination after injection, the animals were evaluated daily while the demyelination symptoms were observed. After presentation of demyelination signs, the scoring was done according to the following 10 score system [@bib16], 0, no clinical disease; 0.5, partial tail paralysis; 1.0, complete tail paralysis; 1.5, complete tail paralysis and discrete hind limb weakness; 2.0, complete tail paralysis and strong hind limb weakness; 2.5, unilateral hind limb paralysis; 3, complete hind limb paralysis; 3.5, hind limb paralysis and forelimb weakness; 4.0, complete paralysis (tetraplegia); 5.0: moribund or dead. In order to determine the severity of lesion, Cumulative Disease Index (CDI) score was determined as the average of the sum of daily clinical scores for each animal [@bib16]. After these investigations, those who had score 2--4 were selected to experimental. Afterwards, animals were assigned in to 4 groups (n = 8 for each group): Sham: received no any agent or treatment administration (Sham), Sham operated, with injection of EB in cisterna magna and receiving no agent (SO), Treatment, with injection of EB and receiving crocin (Treat): Sham treatment, with injection of EB and receiving PBS as vehicle (SO). Administration of crocin and PBS (for treating approach) was done orally gavage of 100 mg/kg for each animal for 21 days. Injected EB and PBS for induction demyelination was performed one dose of 10 microliters for each animal. Data was recorded two times for each group, one time was done after demyelination (about 3 weeks after EB injection) as the pre treatment phase, and another time was done 21 days after onset of crocin administration as the post treatment phase. In the pre treatment phase, the whole tissue of each animal brain was ejected from the skulla and then was homogenized and kept in the -70° refrigerator to assay with post treatment data. Afterwards, data obtained from the groups was analyzed. To assay the level of GPx, MDA and SOD, standard kits according to their manufacturer\'s instructions (RANDOX RANSOD, United Kingdom) were used at two phases of experiments [@bib17].

2.3. Statistical methods {#sec2.3}
------------------------

All data are presented as Mean ± SEM. The mean of data for each group in any phase was analyzed. Data were analyzed using paired t-test, ANOVA followed by LSD post hoc test. Paired t-test was used for assessing the differences between pre-treatment and post-treatment of each group results. For analyzing the results of all groups at pre-treatment also at post-treatment, ANOVA test with LSD post hoc test was used. Values of p \< 0.05 were considered significant. Statistical analyses were performed using the 19 release version of SPSS for Windows.

3. Results {#sec3}
==========

To investigate the effect of crocin on experimental variables, paired t test was used to compare pre and post values for each group. Results are shown as following statements. Comparison of the pre and post values of GPx for each group is presented in [Table 1](#tbl1){ref-type="table"}.Table 1Comparison of pre and post treatment values for GPx, MDA and SOD after crocin administration for 21 days in demyelinated rats. Data are presented as Mean ± SEM.Table 1VariableGroupPrePostMean diff.SEMp-valueGPX**Sham**4.064.10-0.0450.9190.963**ST**5.325.260.0610.6890.932**SO**5.485.62-0.1480.4420.751**Treat**5.553.75**\*\*1.79**0.3460.004MDA**Sham**1.311.34-0.0210.4510.903**ST**4.204.050.1470.5310.792**SO**4.414.44-0.0290.4190.946**Treat**4.302.57**\*1.72**0.6050.036SOD**Sham**6.656.82-0.1620.6500.813**ST**10.021.15-0.1260.7420.871**SO**10.2410.33-0.0880.6460.896**Treat**10.807.55**\*3.25**1.060.028[^1]

3.1. Effect of crocin on GPx concentration {#sec3.1}
------------------------------------------

[Fig. 1](#fig1){ref-type="fig"} shows comparison of pre and post values of GPx in each group using paired t-test. Results show that 21 days orally gavage of crocin leads to significant decreasing (32%) in GPx level only in treatment (Treat) group. Other three groups showed no significant changes in GPx levels after crocin administration (p \> .0.5). Paired t-test results showed that, there is a significant difference between pre and post values of GPx in Treat group (t = 5.185, \*\*p = 0.004). There were no significant differences in GPx levels between pre and post phases in Sham, ST and SO groups (p \> 0.05). The data for Sham ST and SO groups are respectively (t = 0.049, p = 0.963), (t = 0.089, p = 0.932) and (t = 0.442, p = 0.751) (See also [Fig. 1](#fig1){ref-type="fig"}).Fig. 1Comparison of Glutathione Proxidase (GPx) between pre and post administration of Crocin in all groups in the whole brain tissue after 21 days with oral administration (100 mg/kg) in demelinated wistar rats. Data are presented as Mean ± SEM and analyzed by Paired t-test. *GPx; Glutathione Proxidase, U/mg; Unit per milligram, SO; Sham operated, ST; Sham treatment, Treat; Treatment, SEM; Standard error mean, \*\*; p \< 0.01 compared to pre-test.*Fig. 1

3.2. Effect of crocin on MDA concentration {#sec3.2}
------------------------------------------

[Fig. 2](#fig2){ref-type="fig"} shows comparison of pre and post values of MDA in each group using paired t-test. Results showed that after 21 days of gavage of crocin leads to significant decreasing (40%) in MDA level only in treatment (Treat) group. Other three groups showed no significant changes in MDA levels after crocin administration. Paired t-test results showed that, there is a significant difference between pre and post values of MDA only in Treat group (t = 2.857, \*p = 0.001). There were no significant differences in MDA levels between pre and post phases in Sham, ST and SO groups (p \> 0.05). The data for Sham ST and SO groups are respectively (t = 0.048, p = 0.903), (t = 0.278, p = 0.792) and (t = 0.071, p = 0.946) ([Table 1](#tbl1){ref-type="table"} & [Fig. 2](#fig2){ref-type="fig"}).Fig. 2Comparison of Malondialdehyde (MDA) between pre and post administration of Crocin in all groups in the whole brain tissue after 21 days with oral administration (100 mg/kg) in demyelinated Wistar rats. Data are presented as Mean ± SEM and analyzed by Paired t test. *MDA; Malondialdehyde, U/mg; Unit per milligram, SO; Sham operated, ST; Sham treatment, Treat; Treatment, SEM; Standard error mean,\*\*\*; p \< 0.001 compared to pre-test.*Fig. 2

3.3. Effect of crocin on SOD {#sec3.3}
----------------------------

[Fig. 3](#fig3){ref-type="fig"} shows comparison of pre and post values of SOD in each group using paired t test. Results showed that 21 days orally gavage of crocin leads to significant decreasing (30%) in SOD level only in treatment (Treat) group. Other three groups showed no significant changes in SOD levels after crocin administration Comparison of the pre and post values of SOD for each group is also presented in [Table 1](#tbl1){ref-type="table"}. Paired t-test results showed that there is a significant difference between pre and post values of SOD only in Treat group (t = 3.05, \*p = 0.001). There were no significant differences in SOD levels between pre and post phases in Sham, ST and SO groups (p \> 0.05). The data for Sham ST and SO groups are respectively (t = 0.250, p = 0.813), (t = 0.171, p = 0.871) and (t = 0.137, p = 0.896) (See also [Table 1](#tbl1){ref-type="table"}).Fig. 3Comparison of Superoxidaze Dismutase (SOD) U/mg protein, between pre and post administration of Crocin in all groups in the whole brain tissue after 21 days with oral administration (100 mg/kg) in demyelinated Wistar rats. Data are presented as Mean ± SEM and analyzed by Paired t test. *SOD; Superoxidaze Dismutase, U/mg; Unit per milligram, SO; Sham operated, ST; Sham treatment, Treat; Treatment, SEM; Standard error mean, \*\*\*; p \< 0.001 compared to pre-test.*Fig. 3

3.4. Comparison of post treatment values between four groups {#sec3.4}
------------------------------------------------------------

[Fig. 4](#fig4){ref-type="fig"} showed comparison of GPx levels at post treatment phase between all groups after 21 days administration of crocin. ANOVAs with post hoc test results showed statistically significant differences between 4 studied groups in post test phase (p = 0.01). Pairwise comparison results showed that, in comparison with Treat group, there was significant difference with Sham group (α ≤ 0.05, p = 0.040), significant difference with SO group (α ≤ 0.05, \*p = 0.020), significant difference with ST group (α ≤ 0.05, \*p = 0.003) in the GPx level at post treatment phase. There were no significant differences between other groups.Fig. 4Effects of Crocin on Glutathione Proxidaze (GPx) in the whole brain tissue after 21 days with oral administration (100 mg/kg) in demyelinated Wistar rats. Data are presented as Mean ± SEM and analyzed by one way ANOVA with LSD\'s post hoc test. *GPx; Glutathione Proxidaze, U/mg; Unit per milligram, Sham Operated, ST: Sham Treatment, Treat: Treatment, \*: p \< 0.05, vs. Sham group, \#: p \< 0.05, vs. ST group; ɸɸ: p \< 0.01 vs. SO group.*Fig. 4

[Fig. 5](#fig5){ref-type="fig"} showed comparison of MDA levels at post treatment phase between all groups after 21 days administration of crocin. ANOVAs with post hoc test results showed statistically significant differences between 4 studied groups in post test phase. Pairwise comparison results showed that, in comparison with Sham group, there was no significant difference with Treat group (α ≤ 0.05, p = 1.00), significant difference with ST group (α ≤ 0.05, \*p = 0.042), significant difference with SO group (α ≤ 0.05, \*p = 0.021) in the MDA level at post treatment phase. Compared to SO group, results showed significant difference with Treat group (α ≤ 0.05, \*p = 0.014), no significant difference with ST group (α ≤ 0.05, p = 1.00).Fig. 5Effects of Crocin on Malondialdehyde (MDA) in the whole brain tissue after 21 days with oral administration (100 mg/kg) in demyelinated Wistar rats. Data are presented as Mean ± SEM and analyzed by one way ANOVA and LSD\'s post hoc test. *MDA; Malondialdehyde, U/mg; Unit per milligram, Sham Operated, ST: Sham Treatment, Treat: Treatment, \*: p \< 0.05, vs. ST group, \#: p \< 0.05, vs. Sham group.*Fig. 5

[Fig. 6](#fig6){ref-type="fig"} showed comparison of SOD levels at post treatment phase between all groups after 21 days administration of crocin. ANOVAs with post hoc test results showed statistically significant differences between 4 studied groups in post test phase. Pairwise comparison results showed that, in comparison with Treat group, there was no significant difference with Sham group (α ≤ 0.05, p = 0.418), significant difference with ST group (α ≤ 0.05, \*p = 0.013), significant difference with SO group (α ≤ 0.05, \*\*p = 0.008) in the SOD level at post treatment phase. There were no significant differences between other groups.Fig. 6Effects of Crocin on Superoxidaze Dismutase (SOD) in the whole brain tissue after 21 days with oral administration (100 mg/kg) in ddemyelinated Wistar rats. Data are presented as Mean ± SEM and analyzed by one way ANOVA and LSD\'s post hoc test. *SOD; Superoxidaze Dismutase, U/mg; Unit per milligram, Sham Operated, ST: Sham Treatment, Treat: Treatment, \*\*: p \< 0.01 vs. SO group, \#: p \< 0.05, vs. ST group.*Fig. 6

4. Discussion {#sec4}
=============

Our results showed that after 21 days, crocin (with dosage of 100 mg/kg) significantly reduced the activity of SOD and GPx enzymes and also reduced the concentration of MDA as a product of lipid proxdation in EAE animals. Reduction in anti-oxidant enzymes can be attributed to the reduced level of lipid proxidation products such as MDA. There are available some documents that demonstrate anti-oxidant role of crocin in brain after neuro damaging and inflammation \[[@bib18], [@bib19], [@bib20], [@bib21]\]; however, in the case of MS, studies about the role of the crocin are not widely studied yet and a leakage is observed in this scope. According to [Fig. 7](#fig7){ref-type="fig"}, crocin treatment made a significant decrease in clinical impairment scores, while control groups did not show any amelioration.Fig. 7Comparison of daily clinical scores between all groups after 21 days of crocin with gavage administration in Wistar rats. Data are presented as Mean ± SEM and analyzed by ANOVA with LSD test. *ST: Sham treatment, SO: Sham operated, Treat: Treatment, \*\*\*: Significant difference at p \< 0.001, compared to Sham group (n=7).*Fig. 7

Many studies have shown the effective role of saffron compounds (crocin) in improving neurological disorders, including pain relief [@bib22], antioxidant, anti-inflammation and spasticity \[[@bib8], [@bib11], [@bib23]\], recovery of ethanol-degraded memory [@bib23], and Memory [@bib13], improvement of EAE symptoms include oxidative stress, inhibition of leukocyte penetration into the brain \[[@bib24], [@bib25]\].

Oxidative stress and reactive oxygen species (ROS) contribute to the formation and remaining of MS lesions. Deep changes in the mitochondrial respiratory chain proteins and the removal of mitochondrial DNA in damaged neurons of MS lesions in advanced stages of disease are observed [@bib26]. The first body defenses against oxidative stress include antioxidant enzymes such as glutathione peroxidase, superoxide dismutase and non-enzymatic antioxidants such as glutathione, ascorbic acid, bilirubin and others [@bib27]. GPx, SOD and MDA provide a key role in the pathogenesis of MS through variable proteins against ROS. Crocin acts as a powerful antioxidant by removing free radicals and protects cells against oxidative damage [@bib28]. The anti-inflammatory effects of saffron are due to its inhibitory effect on the expression of precursor-inflammatory gens such as cyclooxygenase-2 (Cox2) and reproductive nitric oxide synthesis [@bib29].

According to the some studies, positive effect of crocin on the oxidative pathway may be related to its anxiolytic effect \[[@bib30], [@bib31], [@bib32]\] activity. It has been shown that crocin inhibits microglial activation [@bib33].

The metalloproteinase matrix plays an important role in the pathogenesis of EAE and MS through damages in CSF barrier. So the beneficial effects of crocin on the elevated levels of GPx and SOD in this study can also be due to a change in the performance of the metalloproteinases matrix [@bib34].

Reduction in ROS levels in cellular environment can be also related to the antioxidant effect of crocin. Dose-dependent administration of crocin reduced ROS in cells, which can be proven by DCF measurements. Increased levels of DCF indicate DCFH oxidation by intracellular radicals that can be related to the crocin [@bib19].

It has been shown that crocin enhances anti-inflammatory response by increasing in expression of heme oxygenase-1 (HO-1), inhibits expression of nitric oxide syntheses (iNOS) and nitric oxide production through downregulation of nuclear factor kappa B activity. Crocin also leads to intracellular Ca2+ mobilization and phosphorylation of Ca2+/calmodul independent protein kinase 4 (CAMK4). Crocin suppresses LPS-stimulated expression of iNOS via expression of HO-1 through Ca2+/calmodulin-CAMK4-PI3K/Akt-Nrf2 signaling cascades [@bib35].

Mazumder et al. showed that pre-treatment administration of crocin has supportive effects on dopaminergic neurons in dark neurons in the hippocampal pyramidal layer and increased SOD activity and decreased ROS level as well as nuclear factor-κB (NF-κB) expression in the hippocampus in Parkinsonism model [@bib36]. It has been shown that saffron and its active constitutions (crocin) can enhance maintenance and recall of information and antagonize impaired memory induced by ethanol in hippocampus region of the diabetic animals \[[@bib37], [@bib38]\], reduce streptozotocin-induced spatial memory deficit and oxidative stress \[[@bib17], [@bib39]\] and reduce the Bax/Bcl-2 ratio and inhibit apoptosis caused by beta amiloyide in Alzheimer\'s disease [@bib40].

Rajaei et al. showed that crocin ameliorates Parkinson\'s disease by decreasing MDA and nitrite levels in the hippocampus, and improved aversive memory by modulating oxidative and inflammatory responses [@bib41].

Naghizadeh et al. found that crocin prevented cognitive deficiency induced by ICV-STZ via decreasing MDA as well as increasing the levels of total and GPx activity [@bib17].

Deslauriers et al. stated that neuroinflammation and endoplasmic reticulum (ER) stress are coregulated by crocin to prevent demyelination and neurodegeneration. They showed that daily treatment with crocin starting on day 7 post-EAE induction suppressed ER stress and inflammatory gene expression in spinal cords which was accompanied by preserved myelination and axonal density, together with reduced T cell infiltration and macrophage activation. EAE-associated neurobehavioral deficits were also ameliorated by crocin treatment [@bib42].

The results indicated reduction of MDA after crocin administration, also reduction in GPx and SOD activity. MDA is a product of lipid proxidation, so, the reduced levels of GPx and SOD, as anti-oxidant enzymes, in the current study can be related to the decline in lipid proxidation levels such as MDA as it was occurred in our research. Investigation of other lipid proxidation products is required in further studies to prove this statement. Although, in consistent with previous findings, our results showed positive effects of crocin on brain oxidative markers profile in demyelinated rats, but the related mechanism is not cleared yet, so, one of the major limitation of the current study is the leakage of methods to determine the mechanism of crocin to increase the oxidative enzymes levels and behavior it is an important issue to be studied in future.

5. Conclusion {#sec5}
=============

The present findings showed that administration of crocin for 21 days after demyelination led to significant decreasing in the brain level of GPx, MDA and SOD in toxic model of demyelination in animals. Although, the mechanism of this effect remains unknown, but it can be suggested that administration of crocin, as an effective ingredient in the reduction of free radicals and increased antioxidant activity, can be an effective way in the management of MS patients.
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Appendix A. Supplementary data {#appsec1}
==============================

The following is the supplementary data related to this article:Demyelinated rat**Supplementary video 1**. A sample of demyelinated Wistar rat with ethidium bromide. As observed in supplementary video 1, injection of ethidium bromide in to Cisterna magna led to mild to severe hind limb and forelimb paralysis and tail weakness in a Wistar rat at the first week of the study plan.Demyelinated rat

[^1]: GPx: Glutathione Proxidaze, MDA: Malondialdehyde, SOD: Superoxide dismutase, SEM: Standard error mean, SO: Sham Operated, Treat: Treatment, ST: Sham Treatment. \*\*: P \< 0.01, \*: P \< 0.05 between pre and post-treatment values.
